
Thermochrmlca Acta, 131 (1988) 125-131 
Elsevler Science Publishers B V , Amsterdam - Prmted m The Netherlands 

125 

THE COMPLEXATION OF CYCLIC POLYETHERS 
AND A SERIES OF EQUATIONS FOR DETERMINATION 
OF EQUILIBRIUM CONSTANTS 

CAKIL ERK 

Chemtstry Department, Faculty of Sciences, Technrcal Untverslty of Istanbul 80626, Levend 
Istanbul (Turkey) 

(Received 24 November 1987) 

ABSTRACT 

An outstandmg and compact formahsm was established to estimate the equlhbnum 
constants K, of essential hgands mth well-known structures hke crown ethers, or unknown 
complexmg stolchlometnes The apphcatlon of the general formula l/K,[L,]m+“-’ = (1,’ 

PL-l)(l-PL)m+n-l 1s described by the computer-simulated plots, where m/n 1s the 
complexmg hgand/catlon ratio, P, 1s the mole fraction of the complexed hgand and [L,] 1s 
the mltlal hgand concentration of the complex solution 

INTRODUCTION 

Before we start to discuss the measurement of the cation bmdmg tend- 
ency of cychc polyethers and their ether-ester analogues, it IS worth men- 
tioning the specific cation solvatlon mechamsm of such molecules, wkch 
consist of both hydrophhc ether dipoles and hydrophobic methylene exten- 
ors Excellent reviews have appeared m the literature [l--6] 

Despite recent developments m solution chermstry, there are several 
conslderatlons which sometimes cause undesirable contradlctlons between 
the results of some mvestlgators studying smular structures or solute-solvent 
systems 

We believe that the crown ether chemist should take mto account the 
followmg factors (a) the aggregation of the ions and the ion pan-s, (b) the 
complex-cation and counterion mob&y, even m water, (c) the rough 
estimations of the values of the governing thermodynarmc factors such as 
activity coefficients, (d) the mablhty of equations to determme the analytical 
and thermodynarmc parameters, (e) the lmuted instrumental methods for 
the wide range of reactive centres, (f) the complex role of the mother solvent 
and the interaction among hgand molecules and the solvent media, (g) the 
difficulty of computations regarding the above-mentioned intermediates due 
to particular thermal changes 
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However, the cychc ethers of ohgomers of ethylene oxide and snmlar 
structures eliminate some of these conslderatlons owing to the uniform 
structures of the hgands In addition, there 1s no need to crltlclze the 
common analytical methods as ths has already been carried out, [7,8] 

The most mterestmg point may be the least studied part of the cation 
bmdmg behavlour of cychc polyethers, 1 e the formation of the polyether- 
complexed ion pairs m equlhbnum with the crown-separated ion pan-s as 1s 
characterized by the ion pairs theory [9] The existence of thermodynaml- 
tally distinct species depends on the distance between the ions and counter- 
ions In water solutions the formation of the crown-complexed ion pairs 1s 
particularly complicated owing to mcomplete dlssolutlon of the cation 
However, the electric field and the mteractlons between the ions are nor- 
mally under the control of the mtrmslc polarity of the macrocychc cavity or 
vice versa 

It 1s important to recognize that the dilution of the complex may cause 
free ion formation, whereas increased complex concentrations will lead to 
the aggregation of ion pairs This should be exammed with extreme care by 
the analyst so that he can work m as wide a concentration range as possible 

[4,5,101 
The equlhbrmm constant of a host-guest complex 1s known to be 

influenced by macrocychc hgand conformation, hgand thickness, mcomplete 
encapsulation, bmdmg site, hgand dimensions and number of hgand mole- 
cules m a complexed hgand structure On the other hand, for non-chelating 
hgand solvatlon or coordmatlon, the use of any method and equation system 
would carry Its dlfflcultles owing to the random structure of the primary and 
secondary solvatlon spheres 

Regarding the arguments on the equlhbnum constants, of prime lmpor- 
tance 1s the stolchlometry of complexatlon and the actual ratio of the 
concentrations of the cation and hgand m a solution When applied more or 
less m a classical manner the equlhbrmm or stability constants are not more 
than a mathematical logic compared with the dlscusslon of the hrmtatlons of 
the use of activity coefflclents (eqn (1)) [3,11a,12a] In general, if the role of 
the activity coefficient f. 1s omitted m the estimation of the values of the 
constants K,, then eqn (3) 1s tried 

mA+ + nL = ALL, (1) 

(2) 
The actual complexmg stolchlometry involved m the solution sometimes 

differs from what 1s predlcted Both the posslblhty of the formation of ion 
aggregates or triple ions m poorly-dlssoclatmg media and the various 
hgand-to-cation ratios of the complexes effect the equlhbnum constants m 
polar media (Fig 1) 

However, the K, values are obtained from a graph of concentration 
versus mole fraction of complexed hgand for different stolchlometnes, where 
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Fig 1 Plots of hgand mole fraction P, versus complexatlon degree (l/P, - 1)(1 - PL)“‘+“-’ 
for different stolchlometrles and different equlhbrmm constants K, 

l/K,[L,] = (l/P, - l)(l - PL)nl+‘T-’ and Fig 1 1s obtamed Although this 
1s a very well-known fact, it clearly displays the extremely narrow expen- 
mental error range to be taken mto account for any equlhbrmm constant 
determination In many cases, extreme care 1s required to dlstmgulsh the 
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Fig 2 Plots of complexatlon degree (l/P, - l)(l - PL) versus P, +1/P, -2 for 1 1 rat10 of 
catlon/hgand Inverse hgand concentration 1s obtamed from P, + l/P, - 2 = l/[L,,] K, 

values mdlcated on the graphs K, Lalues are given as integers 



Fig 3 Plo& of complexatlon degree (l/P, - 1)(1 - P,)’ versus 
of catlon/hgand Inverse hgand concentration 1s obtamed from 
values indicated on the graphs K, values are gwen as mtegers 

PL + l/P, - 2 for 1 2 rat10 

PL +1/P,-2=1/[L,] K, 

drops m concentration as a result of the complexmg order, unless large 
differences exist m assoclatlon degree or assoclatlon constants (Fig 1) 

Accordmgly relatlonshlps were suggested, and were plotted to represent 
some possible mole fraction values against the mverse degree of concentra- 
tion of cation or hgand (Figs 2-4) 

kl 

k3 

Fig 4 Plots of complexatlon degree (l/P, - l)(l - P,)3 versus P, + l/P, - 2 for 1 3 ratio 

of catlon/hgand Inverse hgand concentration 1s obtamed from P, + l/P, - 2 = l/[L,] K, 
values Indicated on the graphs K, values are gwen as integers 
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RESULTS AND DISCUSSION 

To calculate the eqmhbnum constants, K,, the vanatlon m the mole 
fraction of the hgand-cation system was considered for the various 
stoichlometnes 

& = [A;L]/b+lm[Ll n (3) 
If PA = P, IS considered expenmentally by takmg identical cation and 
hgand concentrations, 1 e [L,] = [A:], then the followmg sets of relatlon- 
shps are obtamed (Fig. 2) 

PA = [A;L,]/[A;] P, = [A;L,]/[Lo] (4) 

Kz = PI_ [LM Ll - KLI > { LGI - L%Ll > (5) 

K = w[L31(1- pd2 (6) 
l/K, [ L,] + 2 = P, + l/P, (7) 

However, for the different stolchlometnes of complexatlon the followmg 
equations can be derived** for 1.2 and 1 3 ratios eqns (8) and (9) are 
obtamed, where [L,] = [A:] 1s retamed experimentally 

l/K,[L,]* = (l/P, - l)(l - P,)* (8) 

1/K,[L,13 = (l/P,- 1)(1 - P,)3 (9) 

As can be seen, the simulated mole fraction values were vaned m a 
certam concentration range for a desired K, value (Table 1) Accordmgly, 

TABLE 1 

The numerical values of an eqmhbnum for the 1 1, 1 2 and 1 3 ratio of cation to hgand 
stolchlometry (see also Figs 2-4) a 

lAL21 (f? (P +1/P -2)/K b (l/P - l)(l- P)2/K ’ (l/P - l)(l- P)3/K d 

1000 0 3820 02000 0 1236 0 0764 
2 000 0 2679 04000 0 2928 0 2144 
3000 0 2087 0 6000 0 4748 0 3757 
4 000 01716 08000 0 6627 0 5490 
5 000 01459 10000 0 8541 0 7295 
6 000 0 1270 12000 10476 0 9145 
7 000 01125 14000 12425 1 1027 
8 000 01010 16000 14384 12931 

a The slmphfled computer program m BASIC for such apphcatlons 1s available from the 
author b K, = 5 00 for 1 1 ratio of complexmg (Fig 2) ‘K, = 5 29 for 1 2 ratio of 
complexmg (Fig 3) d K, = 5 69 for 1 3 ratio of complexmg (Fig 4) 
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m the case of a common hgand to catlon ratio m/n of complex formatlon a 
general equation can be given (eqn (10)) where [L,] = [A:] 

l/K, [L,] m+n-l = (l/P, - l)(l - PL)m+n-l 

Regarding the complexes with unknown stolchometry, one can obtam 
both the equlhbnum constant K, and the total stolchometry n + m by use 
of the relatlonshlp 

(1 - m - n) log K, + log[L,] = (m + n - 1) log(1 - PL) + log(l/P, - 1) 

(11) 

Thus the use of the above senes of equations enables the analyst to work 
on any instrument It 1s usual to measure the mole fractions of the com- 
plexed cation or hgand with any method and then to apply the above 
equations, as reported from our laboratory recently [llb,d,e,l2fl 

Thus, the devlatlons from predicted values reflect the actual mechanism 
and stolcluometry, smce the deflections represent changes m the route of 
complexatlon we run the entlre concentration range which 1s likely to yield 
useful results [lle,12f] 

For selected K, values, the mole fractions of complexed hgand were 
calculated, and plotted with a computer throughout the probable concentra- 
tion ranges 

It 1s therefore useful to try a program m which the relatlonshp between 
the mltlal concentration of the hgand or cation and the mole fraction of the 
complexed hgand 1s estabhshed The dependence of hgand concentrations 
on the mole fractions of the complexed hgand or the cation are plotted m 
Fig 1 However, further plots of eqns (7)-(9) clearly display the depen- 
dence of the equlhbnum constant K, on the mole fraction, governed by the 
total complexmg stolchometry m + n (Figs 2-4) 

Thus method exammes both the theoretical and expenmental facts, as well 
as provmg the expenmental results with the use of graphs hke Figs 2-4 
Producing such a program to examme the results 1s a simple task 

REFERENCES 

1 D J Cram, Angew Chem, Int Ed Engl, 21 (1986) 1039 
2 J M Lehn, Struct Bondmg (Berhn), 16 (1973) 1 
3 R M Izatt, D J Eatough and J J Chnstensen, Chem Rev, 74 (1974) 351 
4 M I Reed, J S Bradshaw, S A Nielsen, J D Lamb, J J Chnstensen and D Sen, Chem 

Rev, 85 (1985) 271 
5 AL Capparelh, D S Gdl, R Tutsch, H Wemgarten and H G Hertz, J Chem Sot 

Faraday Trans I, 74 (1978) 1834 
6 W Simon, W E Morf and P Ch Meler, Struct Bonding (Berhn), 16 (1973) 113 
7 M Truter, Struct Bondmg (Berhn), 16 (1973) 71 
8 R Wmkler, Struct Bonding (Berhn), 10 (1972) 1 



131 

9 M Szwarc, Pure Appl Chem , 51 (1978) 49 
10 N S Pooma and A V BaJaJ, Chem Rev, 79 (1979) 389 

11 (a) C Erk, Fresemus’ Z Anal Chem, 316 (1983) 477, (b) C Erk, Spectrosc Lett , 18 
(1985) 723, (c) K Yurdakoc and C Erk, Abstracts, IV International Symposmm on 
Magnetic Resonance m Collold and Interface Science, Munster, F R G , 1986, Z Phys 
Chem ,37 (1987) 521, (d) C Erk and E Ozkan, Spectrosc Lett , 19 (1986) 693, (e) C Erk, 
J Mol Llq , 37 (1988) 107, (f) C Erk, unpublished results, 1986 

12 (a) M Sezgm and C Erk, Commun Fat Scl Umv Ankara, Ser B, 24 (1978) 75, (b) H 
Cetlsh and C Erk, Commun Fat Scl Umv Ankara, Ser B, 25 (1979) 9, (c) H Cetlsh 
and C Erk, Commun Fat Scl Umv Ankara, Ser B, 26 (1980) 29, (d) H Cetlsh and C 
Erk, Commun Fat Scl Umv Ankara, Ser B, 27 (1981) 247, (e) M Ates and C Erk, 
Acta Chlm Turclca, 14 (1986) 65, (f) U C&r and C Erk, Anal Chlm Acta, subnutted 


